Summary : A study of important factors having influence in the econo mic development of livestock production in Latin American
I. -BACKGROUND
During this historic period of the eighties for readjustement and change, veterinary medicine must be prepared to face, on all fronts, the many and varied animal health and production problems which are either arising for the first time or are aggravated by the unequal socio-economic development of the various countries of the world.
Even within this context of revival and development, veterinary medicine remains a fundamental discipline which is closely and critically related to ani mal and human health as well as to the socio-economic development of our countries. Veterinary medicine has covered a lot of ground in Latin America and the Caribbean. The key to this progress has been not only the develop ment of appropriate concepts and techniques, but also the incorporation of these elements in national programmes and in an international infrastructure which is capable of applying them throughout the hemisphere.
For those of us whose work is devoted to veterinary medicine, the frame of reference is the global concept of humanity as a whole, covering the physical, biological and social aspects; it is a frame which covers the practice -102 -of a single form of medicine and which directs research not only towards health protection and the prolongation of life, but also towards improving the « quality of life ».
In a world of computers and development through automation, it is easy to forget the fact that people seek the economic improvement of their country, not so much for the sake of economic development itself as for the benefits in nutrition, in housing, in health, in clothing and in the comfort that such development implies.
Demographic development of the region.
According to estimates made by the United Nations Population Division*, during the years [1970] [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] the region of the Americas experienced a growth in population from 509 million to 615 million inhabitants, and it now represents 13.9% of the population of the world. On the basis of the assumption adopted to measure the average variance in fecundity and mortality trends during the next two decades, it has been estimated that by the year 2000 the population of this region will attain almost 900 million inhabitants and will represent 14.5% of the total world population. This increase is due mainly to the higher rate of growth in Latin America and the Caribbean, as shown in Table I . The process of urbanisation in Latin America presents certain specific characteristics. In 1980, 63.5% of the urban population lived in towns with over 100,000 inhabitants and it is estimated that by the year 2000, 72% of the population will live in urban areas. In addition, whereas in 1970 there were only four urban centres with more than five million inhabitants, it is estimat ed that by the year 2000, there will be ten towns of this size. Conversely, the relative importance of the rural population will progressively decline although in absolute terms its size will remain constant.
These demographic trends will no doubt influence the importance and priorities to be given to the three main areas of veterinary medicine : animal health, public health and livestock production.
In selecting certain socio-economic indicators directly related to the popu lation of the Americas, to its health, its nutrition and its economy (Table II) , it can be noted that this region contains two distinct worlds with the characteristics of « developed countries » and « developing countries ». These differences necessarily have a fundamental influence on the professio nal practice of veterinary medicine and on the contribution and participation of our profession in the development of these countries and in the improve ment of their « quality of life ».
TABLE II

Socio-economic indicators in the Americas
Item
North Latin Item America America % population (1980) 40 59 % growth rate 0.8 2.7 % population less 15 years old (1980) The quantity of land varies considerably depending on the country in Latin America. Table IV shows three groups of countries. The first one has considerable land (Argentina, Bolivia, Paraguay and Uruguay), representing 6.34 hectares per inhabitant and containing ll% of the population of the subcontinent. On the other hand, one group of countries has less than 0.5 hectare per inhabitant (Ecuador, the Caribbean, Panama and Central America, with the exception of Honduras and Nicaragua) and contains 14% of the Latin American population. A third group, consisting of Brazil, Colombia, Chile, Peru, Venezuela, Honduras, Mexico and Nicaragua, has 1.7 hectares per inhabitant and contains 75% of the subregional population. The total livestock population of Latin America and the Caribbean is one of the largest in the world (see Table III ). These countries have almost 20% of the world cattle population, 32% of the equine population and nearly 10% of other species, whereas their human population represents only 8.2% of the world population. Latin America has the largest livestock population in the world in abso lute and relative terms. As shown in Table V , if we adjust the livestock popu lation of Latin America and the Caribbean to represent homogeneous animal units, on the conventional basis of F.A.O., we obtain 230 million units, which is higher than in any other region of the world. In relative terms per inhabitant, Latin America and the Caribbean have 0.64 homogeneous animal unit, that is three times more than other developing areas and also higher than developed countries.
The livestock population of Latin America and the Caribbean consists mainly of cattle, as indicated in Table VI . 80% of them are located in South America, mainly in Argentina, Brazil, Colombia, Uruguay and Venezuela.
Food and nutrition.
It is impossible to speak of « quality of life » without mentioning the serious problem of human nutrition and food. In spite of the growing abun dance -both real and apparent -of material goods, the major and cons tant world problem remains unquestionably that of poverty, as seen in the various countries, with an increasing gap between those who have resources at their disposal and those who have not. This reality is noticeable not only between countries but also between inhabitants in a given country. One of the more serious public health problems is that of disease resulting from protein deficiencies and the number of people affected by it is greater than the num bers affected by any other world problem of our era. Veterinary medicine -107 -plays an essential role with regard to this problem by contributing to the adoption of measures designed to increase animal production and to reduce this disease complex resulting from the protein shortage.
Veterinary medicine must succeed, during this generation, in solving the problems of animal disease which depend for their solution on the limited resources of the livestock-producing countries and consequently block econo mic development while depriving the population of greatly needed proteins. It has been estimated that the effective control and eradication of animal diseases would make it possible to achieve a 35% increase in the amount of necessary proteins without unduly increasing the animal population. This would also make it possible to improve the quality of breeding animals and of animal feed in general by the rational application of modern scientific knowledge and veterinary techniques.
It has also been estimated that the contamination of foodstuffs leads to losses of some 30% of all foodstuffs destined for consumption in Latin Ame rica and the Caribbean. The principal causes of this situation lie in the preparation, processing and handling of foodstuffs, the limited storage capa city, the possible absence of a cold chain for perishable foodstuffs, the lack of hygiene during transportation and a legislation either inadequate or, at best, only partially applied.
In general, the protection and control of foodstuffs in Latin America and the Caribbean (a task which falls to the veterinary services) have not develop ed at the same rate as the food industry and techniques. In fact, the respons ibilities of the administrative sectors competent for the protection of food stuffs have not been defined, resulting in considerable gaps and certain duplications in these activities : the institutional infrastructure is very weak, samples are collected sporadically, the laboratory results are often question able and there is no systematic information on the implementation of measu res for the control of foodstuffs. Current food production techniques will increasingly be of limited use in most countries as long as sampling, inspection and laboratory analysis servic es and the training of personnel are not strengthened. This is a challenge to veterinary medicine in its social and economic endeavour for the benefit of the needy populations of our countries.
Meat and milk production.
The production of meat, with the exception of fish and shellfish produc tion, in Latin America and the Caribbean, amounted to some 14 million tons in 1979 (Table VII) , of which almost 8.2 million consisted of bovine meat. Although this volume is important in absolute terms, it is less so in relative terms since it represents less than 39 kg per inhabitant, whereas in the United States and Canada, and in Western Europe, the figures are respectively 115 kg and 75.5 kg per person. As far as milk production is concerned, this represents only 93.2 kg per inhabitant in Latin America and the Caribbean, compared to 258.5 kg in the United States and Canada and 368.0 kg in Western Europe. The low output in Latin America means that increasing quantities of powdered milk must be imported, which has a considerable impact on the external balance of pay ments and seriously hinders the development of milk-producing herds (US $378 million, 1978).
As far as meat production is concerned (Table VIII) , the importance of bovine meat in Latin America should be emphasized since it amounts to 59% of the meat produced in this region, whereas in the United States and Canada it represents 38% and only 29% in the rest of the world. Although poultry and pork are less important in Latin America and the Caribbean than in the Uni ted States and Canada and in the rest of the world, it should nevertheless be noted that production of these meats has increased very rapidly over the past few years, especially in countries such as Brazil and the Andean countries. -109 -Taking into account the size of its livestock population, Latin America has low rates of productivity. The United States and Canada, which have 9.2% of the world cattle population, produce 23% of the beef and 13.6% of the milk, whereas Latin America and the Caribbean, with almost 20% of the world cattle population, produce about 17% of the meat and only 7.2% of the milk (Table IX) . The same situation can be seen on the basis of other indicators (Table X) . In North America, the extraction rate of cattle is 34% whereas in Latin Ame rica the figure is only 13%. Other indicators of production and reproduction efficiency which characterize the technical differences between the two regions can be appreciated in this table.
The differences in respect of poultry meat and egg productivity are even more marked. The United States and Canada, with only 7.1% of the total world poultry population, account for 32.4% of poultry meat production and 16.2% of egg production (Table IX) .
These differences in productivity mainly result from the use of modern technology for genetic selection, use of feed additives and disease control. The latter aspect is particularly important for transmissible diseases of cattle and poultry which still have a high incidence in Latin America and the Carib bean and which, according to estimates made by various specialists, lead to a fall in productivity of meat, milk and eggs equivalent to 35% of current pro duction levels.
-110 - There are of course wide differences between the various Latin American and Caribbean countries. Table XI shows that Argentina and Uruguay, while contributing 60% of Latin American meat exports, retain respectively 130 kg and 93 kg per inhabitant for domestic consumption, whereas most other countries on this continent have only some 20 kg per person per year.
Meat and milk production on the subcontinent is centred on a few South American countries : Argentina, Brazil, Colombia, Uruguay and Venezuela. Certain of these countries, such as Argentina and Uruguay, have high rates of production per inhabitant both of meat and of milk, comparable to those obtained in the United States and Canada and in Western Europe. At the other end of the scale, Ecuador, Peru, Central America (with the exception of Costa Rica and Nicaragua) and the Caribbean countries have production levels per inhabitant which are far lower than the average for Latin America (Table XII) . International trade in live animals in Latin America and the Caribbean is very important only as far as cattle are concerned. A high percentage of this trade is carried out « illegally » in the border areas, due to the difficulty in implementing effective controls over transit of animals across the vast bor ders of the South American countries. Table XIII shows that during the three years from 1978 to 1980, the annual average for international cattle trade represented the impressive figure of more than two million animals. Almost 1.4 million bovines were exported and approximately 720,000 were imported. Overall, Latin America is a net exporter of live bovines; almost 650,000 are exported annually to the United States, principally from Mexico. Foreign trade in meat by Latin America amounted to an annual average of two billion dollars in exports and 675 million dollars in imports for the period from 1978 to 1980 (F.A.O., Production Yearbook, 1980, Vol. 34) . The principal export item is bovine meat (fresh, processed and offal) which represents approximately 80% of all meat exports. It should however be noted that the share of the Latin American region in the world market for bovine meat has declined over the past fifteen years, as has that of the Asian -113 - region; they have been replaced by Western Europe and Oceania (Table XIV) which have both significantly increased their market share. This phenomenon can be explained partly by the self-supply and protectionist policies which imply the payment of considerable subventions to producers by the European Economic Community; the negative impact of the presence of foot and mouth disease for South American meat is also important since it results in discrimination for health reasons.
If foreign trade is analysed by country (Table XV) , it is clear that Argen tina represents almost 60% of total exports for the entire sub-region, follow ed from afar by Brazil, Central America and Uruguay. Speaking of the period [1978] [1979] [1980] , it must be emphasized that Latin America is losing its rela tive importance in the international trade in this type of meat, and that its market share fell from 26.7% in 1970 to 12.7% in 1980 (F.A.O., Trade Year book, 1970 . The agricultural sector's contribution to income in foreign currency decreased in relative terms from 1970 to 1979, as indicated in Table XVI , from 28.2% in 1970 to 26.2% in 1979. This figure is significant and bears out the points made above, i.e., the proportion represented by meat decreased by at least half, from 3.3 (1970-1974 ) to 1.6 (1975-1979) .
In spite of its abundant resources, Latin America has a trade deficit in milk and milk products, meaning that it has to increase imports to meet population demand. Practically all the countries import milk products. During the period from 1977 to 1980, Latin America reduced its exports of milk, butter and cheese, while imports increased considerably, from almost 600 million dollars in 1977 to more than one billion dollars in 1980. -115 -An examination of productivity in the Latin American animal industry indicates that while it is higher than that of other developing areas, it is signi ficantly lower than that of the United States, Canada and Western Europe. These differences in productivity are explained above all by a different use of modern techniques for genetic selection, herd management methods, impro vement of pastures, use of feed additives and disease control. According to an F.A.O. estimate, the latter factor results in economic losses for developing countries equivalent to 35% of the value of their potential production, whereas in developed countries it only accounts for 7%.
Transmissible animal diseases represent the most important cause of these high economic losses. Their drastic reduction in the foreseeable future is the basis of all animal production development policies in Latin America and the Caribbean. Finally, it should be noted that the structure and the systematic implementation of control and eradication programmes for animal diseases contribute directly to reducing economic losses and indirectly assist in the incorporation of other elements of modern techniques in animal production activities. Matching these possibilities with the huge land resources which are not yet sufficiently exploited in this region and with the broad margin that exists to significantly increase productivity, the intensifying of efforts to con trol foot and mouth disease and other animal diseases represents a major challenge for veterinary medicine in these countries which will bear excellent economic fruit in the foreseeable future.
II. -ANIMAL HEALTH
The transformation of renewable natural resources into proteins with a nutritive value through the intermediary of the various animal species, is an extremely efficient process which can occur in a wide variety of climates and soils. However, this transformation capacity can be impaired as a result of various problems including health and nutritional problems.
In spite of the heavy losses incurred in meat, egg and wool production as a result of animal disease in Latin America and the Caribbean, no systematic and scientifically indisputable studies have been carried out on the subject although, as stated above, according to certain estimates, losses from animal disease in these countries amount to 35% of their potential production.
One of the most important diseases is foot and mouth disease. This disease has been enzootic in some South American countries since the beginn ing of the century; for many years it has been one of the conditions causing the heaviest losses and it is estimated that these losses amount in the region to approximately US$ 400 million per year. At present, it persists in South Ame rica, with the exception of Chile, Guyana, Suriname and French Guyana. Table XVII gives an idea of the annual economic impact of this disease in the affected area, taking into account physical losses, the cost of control pro grammes and commercial restrictions. With respect to other animal diseases, the region is fortunately free from contagious bovine pleuropneumonia and rinderpest, as well as caprine pleu ropneumonia and contagious agalactia. However, other problems exist. Both bovine brucellosis and bovine tuberculosis affect dairy herds. Both diseases reduce productivity and both are zoonoses. They are sufficiently widespread for the public health and animal health services of several countries to con duct control programmes, which are currently underway, with the help of loans from the Inter-American Development Bank.
Paralytic rabies in herbivores is probably the zoonosis with the biggest sanitary and social impact in the Hemisphere. From an economic point of view, the losses that this disease causes in cattle herds in the tropical areas situated between Argentina and Mexico are very important. Twelve countries in the region are affected by this disease and it is estimated that the losses caused by it in only seven of them amount to nearly US $50 million per year.
The incidence of bovine mastitis is high in several countries; individual treatment of affected animals is commonly carried out, but there are few attempts for implementing national control campaigns. The disease affects principally dairy herds and leads to important reductions in milk production. Its control is difficult since it requires appropriate hygienic practices and cor rect herd management.
There is a wide range of other diseases of bacterial origin. The importance of anthrax, « pierna negra », enterotoxaemia and other diseases is recognized and vaccination against them is widespread. There is a low incidence of pasteurelloses (haemorrhagic septicaemia in cattle and fowl cholera), although -117 -four countries carry out vaccination programmes against them. The incidence and importance of other bacterial diseases, such as Johne's disease, caseous lymphadenitis and listerellosis, should be assessed.
Throughout Latin America, parasites, both internal and external, are the main cause of losses on livestock farms. Although these losses have not been calculated in many countries of the region, they are nevertheless considerable and consist of : (a) direct losses resulting from acute disease, death, or refus al of carcasses or parts of them at meat inspection; (b) indirect losses result ing from a decline in the quality and quantity of the meat, milk and wool. Chronic losses, which are frequently undetected, are the most important.
The most important endoparasites in cattle and sheep, from an economic point of view, are those which cause parasitic gastroenteritis, hepatic fascioliasis and parasitic pneumonia. Control of these diseases is often made diffic ult by the absence of an appropriate diagnosis and of services for the supply and distribution of anti-helminthics to stock owners, particularly the small farmers. Bovine cysticercosis (caused by Cysticercus bovis) is present in the region, as is porcine cysticercosis (caused by C. cellulosae). There is a high incidence of hydatidosis (Echinococcus granulosus) particularly in sheep, in the southern cone of South America. Internal parasitism is probably the health problem which leads to the heaviest economic losses for the continent's livestock population. However, because of the epidemiological characteristics of these diseases, it has not been possible to date to launch control programmes, and they are only controlled at the level of the animal husbandry units. A more detailed study of the biology and epidemiology under the various ecological conditions of the region, and the development of more effective parasiticides, are priority tasks for the future.
External parasites are a serious problem throughout Latin America and the Caribbean. Sarcoptic and psoroptic mange is found in sheep. The Cochliomyia hominivorax fly which causes cutaneous myiasis (« screwworm ») is most important for all livestock in the region; in Mexico an eradication pro gramme has been implemented with considerable financial aid from the Uni ted States Department of Agriculture. Dermatobia hominis, a fly whose lar vae develop under the skin of animals and man, is the cause of heavy losses for the animal leather industry in Central and South America.
Of these diseases, ticks are the parasites which certainly cause the heaviest losses among bovines. Approximately 85% of the cattle population of Latin America and the Caribbean are infested by ticks. These external parasites are very important not only because of the direct effects of damage to the skin, haemorrhages and the fall in meat and milk production, but also as a result of their role as carriers of various pathogens. In Latin America, the import ance of tick-borne diseases is widely recognized and their control has been included in animal health programmes in several countries. Mexico is cur rently carrying out a national eradication programme with the financial sup port of the I.D.B.
-118 -The resistance of cattle ticks to acaricides is very worrying. The resistance developed in certain countries to hydrochloric and organophosphorous acaricides is already well known. Among diseases transmitted by ticks, babesiosis and anaplasmosis are very important cattle diseases in Latin America and the Caribbean. Babesiosis also affects other species. Its occurrence in horses seriously interferes with export trade.
Cattle trypanosomiasis (Trypanosoma vivax and T. evansi) is important at a sub-regional level, in Venezuela and certain neighbouring countries.
The poor animal reproduction capacity in Latin America and the Carib bean is one of the most serious limitations affecting meat and milk producti vity in the region. The reproductive diseases which have the heaviest reper cussions in these countries are brucellosis, trichomonas infections and vibrio infections (campylobacteriosis). Other diseases, such as leptospirosis, infec tious bovine rhinotracheitis and para-influenza III, are known to occur in the region and can be important. The incidence of these diseases explains in part the low fecundity levels observed in herds in Latin America and the Carib bean and they should be analyzed together with the genetic, nutritional, physiological and cattle management aspects which also affect the reproduc tive capacity of cattle.
Only fragmentary information is available concerning swine diseases. Porcine cysticercosis (Cysticercus cellulosae) is a serious economic and public health problem in several countries. Classical swine fever (hog cholera) is widespread in South America, in some Central American countries and in Mexico. Certain countries such as Chile and Uruguay have set up eradication programmes and, in general, all countries conduct intensive control cam paigns.
African swine fever appeared for the first time on the continent in 1971, in Cuba, where it was necessary to slaughter almost 500,000 pigs in order to achieve eradication of the disease. Outbreaks occurred in Brazil, Haiti and the Dominican Republic in 1978. While it was not necessary to carry out mass slaughter of pigs in Brazil, meat exports in general were seriously affect ed and in the Dominican Republic almost 1.5 million pigs had to be slaught ered, i.e. practically the entire domestic pig population of the country. In 1980, a new epizootic appeared in Cuba, and almost 200,000 pigs had to be slaughtered to achieve eradication. This year, Haiti implemented an eradica tion programme involving the slaughter of the entire domestic pig popula tion. At the time of writing, almost 200,000 pigs had been slaughtered.
Among horse diseases, the various forms of equine encephalomyelitis (above all the Venezuelan form) cause huge economic losses and, in addition, represent a serious public health problem. Infectious equine anaemia has spread over the past few years in certain South American countries (Argen tina, Brazil, Chile, Paraguay and Peru) and prejudices the development of the equine industry and the sale of its products.
The South American camelidae (llama, alpaca, huanaco and vicuña) constitute an important animal resource, especially in Bolivia and Peru. The main diseases identified in these species include enterotoxaemia caused by Clostridium perfringens, types A and C; alpaca fever caused by Streptococcus pyogenes; gastro-intestinal parasitism; fascioliasis; verminous bronchitis; sarcoptic and psoroptic mange. According to recent research, the incidence of coccidiosis in these animals is probably more important than was originally thought.
It should be emphasized that production of poultry meat in Latin America was raised to the exceptional average annual rate of 9.5% during the period from 1970 to 1978, which also increased the importance of diseases affecting domestic poultry housed in a reduced space, in particular viral diseases such as Newcastle disease. The control of these diseases required a major effort on the part of the private sector, which was complemented to a limited extent by the public sector through its animal health services. Information on other problems is very scarce, but it is known that chronic respiratory disease in poultry has a high incidence in certain countries. Additional information concerning the incidence and distribution of poultry diseases in Latin America and the Caribbean is needed.
Certain additional animal health problems due to mineral deficiencies, intoxications and toxic plants should also be mentioned. These causes of disease are very important in Latin America and the Caribbean.
As a result of deficiencies in the mineral content of the soil, particularly in the Andean and tropical regions of the continent, deficiency diseases are frequent in animals and cause low productivity levels. To solve this problem, the soil and animal feed additives should be artificially enriched with mineral salts. Diseases due to deficiencies in phosphorus, copper, cobalt and iodine in particular occur in the region. Phosphorus deficiency exists in vast areas of several countries, and is responsible for reproduction failures, botulism and clinical aphosphorosis. Iodine deficiency is also widespread and leads to the death of foetuses and to weakness in young animals.
Intoxications caused by minerals, such as fluor, manganese, selenium and molybden, and by toxic plants are also very important. « Dry diarrhoea » produced by the Solanum malacoxylon plant is widespread, and a variety of vegetable and fungic toxins cause serious losses, as in hepatotoxicosis caused by Lantana camara and Echium plantagineum, and neurotoxicosis caused by toxins of fungi such as Claviceps paspali.
The foregoing does not give an exhaustive list of animal diseases in Latin America and the Caribbean, but we consider it as sufficient to indicate the amplitude of the problems which face the stock owner and the veterinarian. Many of the above-mentioned diseases are avoidable and improved control would no doubt result in a considerable increase in production.
Apart from African swine fever which, while being exotic for most American countries, is no longer exotic on the continent, there are other impor--120 -tant diseases which have not occurred in this region to date. The risk of their being introduced increases with time, since the growth of foreign trade has transformed animal diseases from local to international problems. Since transportation of animals by sea has almost completely disappeared and has been replaced by air transportation, animals infected a short time before embarkation can arrive at their country of destination showing all signs of being healthy and thus cause epizootics after they have been disembarked (Table XVIII) .
III. -THE ROLE OF FUNDING AGENCIES AND INTERNATIONAL ORGANIZATIONS
In this short description of the animal health situation prevailing in Latin America and the Caribbean, we must pay homage to the continuous efforts of the governments of the region to promote better animal health. We must recognize the support provided in the form of technical and financial assis tance by certain international organizations, in particular the Pan American Health Organization, the United Nations Development Program (U.N.D.P.), the Regional Plants and Animal Health Organization (O.I.R.S.A.), the InterAmerican Development Bank, the Central American Bank for Economic Integration, the Food and Agriculture Organization (F.A.O.) and, more recently, the Inter-American Institute for Cooperation on Agriculture (I.I.C.A.).
The economic losses and the waste of energy resulting from animal disea ses and infestations are so huge that intensive efforts must be made to sur mount them. Naturally, in order to achieve socio-economic development, it is essential to reduce the risks, to reverse the trend of the effects of the diseases and make the best possible use of existing potentialities.
Animal diseases not only reduce production, they are also a serious obsta cle to international trade in animal husbandry products; they therefore repre sent a basic factor opposing socio-economic development in Latin America.
The organization of official veterinary services in the countries of the Americas began towards the end of the second half of the last century. At present, these services cover almost all the continent's animal husbandry acti vities and act very often in cooperation with the private sector.
In Latin America and the Caribbean, the first official programmes for systematic control of animal diseases date back approximately to the first forty years of this century. These programmes covered fairly limited geogra phic areas and usually dealt with ectoparasites in sheep and cattle and certain attempts to control rabies and foot and mouth disease.
Programmes on a national scale began to be developed following the era dication of foot and mouth disease in Mexico, at the beginning of the 1950's, and the introduction of this disease into Venezuela and Colombia at the same -121 - -122 time. The first programmes organized on a national scale, and in some cases on a sub-regional scale, were introduced during the following decade.
TABLE XVIII
Animal diseases occurring in the Latin American and Caribbean countries
During the 1960's, animal diseases represented approximately one third of production losses in Latin America. It has been calculated that foot and mouth disease, classical swine fever, piroplasmosis and Newcastle disease resulted in the loss of 11,701 million tons of meat, eggs and milk per year from 1962 to 1964. In itself, the control of these diseases could have an important positive impact on the animal production capacity of the region. When foot and mouth disease is eliminated from Latin America, the increase in production will represent at least 350,000 tons of meat and 500,000 tons of milk for an animal population equivalent to today's level.
Animal industry is a critical development factor in Latin America, since in addition to constituting a source of employment and food for the local population, it generates important foreign currency revenues which are neces sary for economic progress. Aware of this fact, the Inter-American Develop ment Bank (I.D.B.) invested large sums of money in animal disease control projects. To date, fifteen countries have received seventeen loans from the I.D.B., amounting to a total of US $123 million, to protect animal health. The total cost of these projects, including the part financed by the countries themselves, represents the equivalent of almost US $500 million. These plans include the following activities : -Setting up an infrastructure for the diagnosis of animal diseases and for practical control activities.
-Training of competent personnel.
-Implementation of long-term control campaigns.
-Centralization and co-ordination of activities at the national and inter national levels.
In addition, the World Bank, the I.D.B. and the Agency for International Development (A.I.D.), have granted to Latin American countries loans amounting to US $1,500 million in order to encourage and improve animal husbandry activities; these loans are a part of the total cost of projects amounting to US $2,500 million.
If these international agencies grant such financial assistance, it is because they recognize the economic importance of animal husbandry in Latin Ame rica and the need to develop it (Table XIX) . In view of the above, it is up to veterinary medicine to take care of these investments, while also making an important contribution to the socio-economic development of Latin Ame rica.
In a world suffering from critical energy and protein shortages, a crucial strategic measure for survival should be the transfer of animal production activities to the developing nations by an increase in their productivity and the destruction of the barriers of animal diseases which oppose international trade. In the interests of such development in the western hemisphere, nation--123
TABLE XIX Funds for animal health programmes in Latin American and Caribbean countries (US dollars)
al animal health programmes have been set up and an international animal health infrastructure has been established.
Particular attention should be paid to national control and eradication programmes for foot and mouth disease which, with the technical coopera tion of P.A.H.O. through the Pan American Foot and Mouth Disease Center and, in some cases, the financial cooperation of the I.D.B., now cover more than 90% of the bovine population in South America (Table XX) . These pro grammes have enabled diagnostic laboratories to be set up throughout the area and the development of an industry for vaccine production to meet the regional demand. In addition, all affected countries have been able to set up an official service to control the quality of vaccines and have developed epi demiological surveillance systems for vesicular diseases.
In certain countries, control activities in respect of diseases such as brucel losis, tuberculosis and bovine rabies have gradually been incorporated in pro grammes to control foot and mouth disease. These programmes have also benefitted from the technical cooperation of P. The United States and Mexico are also jointly conducting in this subregion a Programme for the Eradication of Screwworm from cattle, which involves the use of nuclear energy and the biological control of the parasite. This programme will be extended to include Central America and Panama, with the technical cooperation of the I.I.C.A.
Several countries in the region have set up programmes for the preven tion, control and eradication of ticks and other ectoparasites affecting cattle and sheep, as well as programmes to control brucellosis, tuberculosis, rabies, hydatidosis, equine encephalitis, infectious equine anaemia and septicaemic swine diseases, including African swine fever and classical swine fever. The coverage, the available resources and the goals of these programmes vary greatly from one country to another. Certain programmes involve the techni cal cooperation of the F.A.O. and the I.I.C.A. The ASF eradication pro gramme currently being implemented in Haiti benefits from the technical and administrative support of the I.I.C.A. and the financial support of the Uni ted States, Mexican and Canadian governments.
-125 --126 -It should also be noted that the official services continue to support, although to a limited extent, efforts made by many farms to control mastitis, deficiency diseases and poultry diseases.
However, animal disease control measures are costly and it is not always possible to foresee their result. National animal health programmes represent a costly proposition since they require long-term planning, well-trained vete rinarians, animal science specialists and a whole range of assistants and auxi liary workers. Often, the biological and chemical products required for diag nosis, preventive action and disease treatment are the result of costly techno logy. Very modern diagnostic methods are necessary to accurately identify specific diseases. Such programmes must obviously be based on a political commitment to provide appropriate financing and resources.
The United Nations Food and Agriculture Organization (F.A.O.) has cal culated that during the 1960's, more than 30 million tons of milk were lost each year as a result of animal disease, representing two glasses of milk per day for almost 200 million children. It is therefore a tragedy that the develop ment or the adaptation of our techniques for disease prevention are not kept on a par with our production techniques.
Until the major diseases are controlled in Latin America and the Carib bean region, it will be difficult to encourage stock owners to make notable efforts to achieve general improvement, since the expenditure in terms of time, work and food for animals can rapidly be wiped out by a disease out break. In addition, the incidence of certain diseases in a country is often an obstacle to the importation of selected breeds which have not been exposed to diseases originating from the region.
IV. -VETERINARY EDUCATION AND DEVELOPMENT OF HUMAN RESOURCES
One of the main problems facing the improvement of veterinary services in Latin America and the Caribbean in the 1970's was the shortage of trained personnel at all levels, a problem which is aggravated by the geographical dis tribution of the veterinarians in each country. In general, 65% of the veteri narians are located in the capital cities and the major towns.
Most services rendered by veterinarians to the community concern the prevention and the control of animal diseases (including zoonoses), the pro tection and control of food, research and the sanitary improvement of the environment. However, many basic veterinary services do not reach the rural populations. Since the rural areas are the most exposed to zoonoses and to diseases and infections transmitted by food, it is extremely important that the veterinary health services should be able to solve these problems in order to provide sanitary assistance to the rural populations.
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In general, the situation of veterinary personnel has significantly improv ed between 1972 and 1982. In 1972, there were 24,526* veterinarians in Latin America and the Caribbean; this figure increased to 51,423 in 1982 (Fig. 1) . In 1972, only 37.4% of these veterinarians worked for government agencies and took part in administrative activities or animal health and veterinary public health activities. Following the important development of animal health prevention and control programmes, this percentage increased to 46% in 1982. In addition, out of the total number of veterinarians, 30% were in private practice in 1982, compared to 44% in 1972; 19% were employed in teaching and research (compared to 16% in 1972) ; and the 5% remaining in 1982 worked in an industrial or commercial capacity (2.6% in 1972) (Fig. 2) .
Of the 23,655 veterinarians employed by government agencies in 1982 (Fig. 3) , 68% work for Ministries of Agriculture or similar official depart ments, approximately 12% hold positions in public health departments and 20% work for other government institutions.
The number of students who wish to take up a career in veterinary medi cine has greatly increased over the past ten years, as can be noted in Fig. 4 , growing from 17,546 in 1972 to 38,840 in 1982. Consequently, the number of students who have completed the degree programmes has increased propor tionately and the number of graduates which stood at 1,186 in 1972 has increased to 3,650 in 1982.
The number of veterinary medicine schools has practically doubled, increasing from 53 in 1973 to 98 in 1982 (Fig. 5) .
However, in spite of these increases the Latin American countries still lack the professional veterinary infrastructure necessary to provide impetus for animal husbandry techniques and permit the efficient organizations of animal health and veterinary health programmes. It should be emphasized that a large proportion of the increase in professional resources is limited to two countries, Brazil and Mexico, which have 53 (52%) of the veterinary schools and approximately 28,000 of the veterinarians (55%) in the region.
It is not intended to draw up a balance sheet of the current situation of all the elements that govern the teaching of veterinary medicine (teachers, stu dents, curriculum, teaching methods, teaching aids, on-going training pro grammes, institutional assessment, etc.); however, important problems face the heads of the profession and many teachers. What are and may be the immediate and long-term consequences, in the animal industry of Latin Ame rica and the Caribbean, of the excessive and accelerated availability of veteri nary practitioners, who are graduates of the many schools that have been set up over the past few years, particularly since some of them are not yet fully operational ? We consider that the apprenticeship provided by many of these , 1972-1982 -133 - schools is of a poor standard, resulting in a decline in the academic level of teaching. In addition -and again in general terms -schools with limited personnel and equipment are not in a position to protect their graduates by offering them quality on-going training programmes, the possibility to update their knowledge, to complete their training or to improve their know ledge of a given skill or field which is of particular personal or regional inter est to them.
NUMBER OF VETERINARY MEDICINE SCHOOLS IN LATIN AMERICA AND THE CARIBBEAN
The rapid scientific development undergone by veterinary medicine during our era has made it necessary to obtain more in-depth professional knowledge and to modify the requirements for its study. In addition, the major economic and social changes taking place in the world have created a new context for the professional practice of veterinary medicine. It is impor tant to seriously consider these points in planning veterinary education pro grammes.
All veterinary practitioners are engaged in a joint task where the hierar chical position of each one plays no role. Quite simply, each sector must aim to render its efforts effective in order to provide the real services that society needs.
We are nevertheless so absorbed by our professional requirements that we gradually become specialised technicians, often losing sight of the social pro blems towards which our specific actions should naturally be aimed.
The profound change undergone by the veterinary profession over the past thirty years consists of the fact that the cure of individual patients has changed to a practical task for group medicine or, more exactly, treatment of the « herd health ». It is not only with a view to protecting the health of man but above all to protect the health of the animals that preventive medicine is gradually taking over from curative medicine, and this trend is bound to con tinue. Veterinary medicine schools must pay more attention to the impor tance of teaching preventive medicine and the related disciplines : epidemio logy, biostatistics and public health, and to its influence in all areas of the modern practice of this profession.
The amplitude of campaigns currently underway throughout the world for the control of animal diseases, and the important resources made avail able make it essential to incorporate planning techniques with veterinary practice.
Several studies have brought to light the need for a more systematic approach to the action to be carried out in the area of animal health. This form of « technification » is at present an essential part of any discipline and particularly, as in the case of animal health, where the problem is characteriz ed on the one hand by its scope in terms of space and the complexity and variability of causes and effects, implying a difficult organization task, and on the other hand by the huge resources required to cope with the problems. Hence the vital importance of training veterinarians in the disciplines of plan ning and administration.
Another change which will become increasingly necessary, in veterinary practice as in other medical professions, is increased specialization. In a very short time, the areas of work covered by veterinary medicine have expanded and diversified, to the extent that it is very difficult for the veterinarian who wishes to keep up-to-date on scientific advances, to fully master all the disci plines of his profession. Increasingly, well-trained veterinarians add to the normal period of general studies specific training in a speciality in order to act successfully and achieve professional satisfaction in certain more closely defined fields. This type of specialization should take into account the ecolo gical relationship between the professional and his environment. However, specialized studies should be preceded by acquisition of wider and more indepth knowledge.
This situation is reflected in the university corporation, which is progres sively losing sight of its true universality. The faculties are being transformed into inorganic sectors without achieving the multidisciplinary integration which is essential. Disciplines are separated in watertight compartments, and difficulties for adequate communication are frequently observed.
Obviously, there is a minimum of biological and scientific information in the world which must be transmitted to all persons interested in the develop ment of the art of veterinary medicine in order to guarantee a satisfactory level of productivity and flexibility. But once this basic level has been achiev ed, the programmes must be directed towards the specific needs of the society to which they are intended to apply.
This being said, in order to safeguard the present and the future of veteri nary medicine, standards, criteria and priorities must be set to channel educa tion by the implementation of an institutional control and evaluation system which will make it possible to periodically measure the level of instruction given by veterinary schools as well as the services that they render, in accord ance with their objectives. This should result in a system whereby it will be possible to improve and update the quality of the instruction provided and accordingly contribute to the development of the institutions themselves on the basis of national and regional requirements.
In Latin America and the Caribbean, specialized instruction in the field of veterinary medicine is seriously lacking. In order to train veterinarians who will be responsible for activities relating to the planning and implementation of programmes for the prevention, control and eradication of animal disea ses, it will be necessary to strengthen teaching of disciplines such as epidemio logy and biostatistics, surveillance and information systems, laboratory diag nostic activities, laboratory animals medicine and food protection.
It has been reported that by 1978 there were only 247 veterinary diagnos tic laboratories in the Latin American and Caribbean countries, and that they -135 -increased to 258 in 1982*. Only three of these laboratories are considered to be fully equipped or able to provide complete services related to pathology, bacteriology, serology, parasitology, virology and toxicology.
For the success of the animal disease control campaigns in the Latin Ame rican and Caribbean countries it is essential that full support is given from well developed and established veterinary diagnostic laboratories. Without them, animal health and livestock industry are at a high risk particularly from indigenous and also exotic diseases (Table XXI) Animal health organizations must be strengthened and centres to provide training must be set up, both at post-university level and at technical and auxiliary level. The priority requirements in the area of animal health can be summarized as follows : (e) Extension and intensification of popularization activities in respect of the systematic control of priority diseases, and (f) Encouragement and co-ordination of applied research into the main problems encountered in the field, and in particular into cost-benefit and cost-effect studies concerning the control campaigns and programmes carried out by the animal health services.
V. -RESEARCH
Those of us who devote our work to animal health questions, see this acti vity as an essential mission of veterinary medicine which has attracted a large number of veterinarians over the past few years. These practitioners, who are the true custodians of animal health, have gained the respect of their collea- -137 -gues by becoming familiar with the advances made by their profession; they have acquired a knowledge of the most far-reaching branches of this science and their applications to human welfare. They have also demonstrated that they have the scientific qualities required to play an important role in the field of comparative medical research, which will enable them to attain a high rank in the medical community.
There is no question that active research programmes are needed to improve animal production, health and welfare as well as to meet the challen ges of biotechnology.
Due to today's shortage of funds for research, it is more necessary than ever before that the feasibility studies to allocate government funding for research be as effective as possible.
The very recent finding concerning FMD vaccine production by chemical synthesis of a part of the virus capable of inducing an immune response, without provoking disease, is one of the best scientific accomplishments from which the veterinary medicine research studies in Latin America must not be excluded.
Most promising and challenging for the veterinary research studies in Latin America are the recent findings made at the Meat Research Institute at Bristol. By immunological suppression of somatostatin, a growth regulator, and using twin lambs, doubling of the rate at which the animals gain weight has resulted, and this without making any changes to the feeding procedures. This discovery might be of greater advantage compared to the use of anabolic steroids, as the animals treated grow taller and have no risk of steroid resi dues in the meat.
In the specific field of animal health, there is no systematic and up-todate information on the development of science and technology. However, it should be noted that biomedical research in general has sprung up in Latin America with more vigour than any other field of research. Almost all its branches are represented either by an individual, or a small group or an inter nationally reputed institute.
As regards technical developments, the incorporation of innovations developed in the most advanced countries has not provided the expected benefits in most cases. The difficulties encountered have provoked a sponta neous renewal which has a very high potential and which, although it has been neither recognized nor adequately exploited, made it possible to achieve significant improvements in laboratory diagnostic capabilities for animal diseases and in the production of vaccines and other biological reagents which currently make it possible to meet the requirements of Latin America and the Caribbean. In addition, the important advances achieved in nutrition and animal genetics should also be mentioned.
Animals are only beginning to be used as indicators of the deleterious effects of an altered environment. Studies in this field require a greater -138 -understanding of the characteristics of the normal population and of the domestic and wild species of animals which share our milieu. For this reason, the veterinary profession will have to gain greater in-depth knowledge of the environmental sciences and ecology. Study plans and research in the field of veterinary medicine must reflect this educational requirement.
Another important topic is the use of veterinary pathology and toxicology for research concerning carcinogenic chemicals in food and drugs. The health services have an urgent need for veterinarians specialized in pathology and toxicology, familiar with the use of laboratory animals in comparative medi cine studies applied to carcinogenic substances and agents. Research in this field has immediate applications for human health and should attract those who wish to carry out worthwhile work from a social point of view.
The problem of environmental pollution and management of resources has now attained worldwide proportions. It is impossible to set up program mes to control the pollution of oceans and the environment caused by the uncontrolled exploitation of natural resources without recognizing that these problems go beyond national sovereignty limits and that they depend on effective international studies and action. In addition, the nature and the complexity of the problems which affect or contribute to the deterioration of the milieu require a multifunctional and consequently a multidisciplinary approach. It is easy to imagine the consequences of this assertion -in effect an axiom -on university teaching and research. The overall knowledge of a phenomenon is no longer the domain of any one person in particular, but rather that of all those who can contribute their experience in defining and limiting it and in eliminating the deleterious effects.
The veterinarian who is already familiar with the idea of using animals in the service of humanity in as much as they are a source of food, of fuel or of fibres or in as much as they serve as pets, is increasingly aware of the impor tant service that animals can provide to man in the field of comparative medicine and more directly by the use of animals for laboratory research. The use of animals as indicators of the deleterious factors for human health dates back as far as pharmaceutical research. But it is regrettable for the entire scientific community that animals of a questionable standard of health were used for so long for biological research purposes. Up until recently, the competence of the veterinarian in the field of laboratory animals medicine was not recognized. Equally, our anthropocentrism prohibited us for many years from recognizing the importance of discovering or developing animal models to study diseases of man and above all chronic diseases such as cancer and cardiovascular diseases.
Scientific progress has enabled us to become more and more aware of the contribution made by veterinary medicine to the improvement of health and to the development of medical advances. Nevertheless, scientific advan ces and clinical experience gained by veterinary medicine must be more widely publicized. This information, which is frequently published in reviews -139 -with a limited distribution, must be classified and widely distributed among the entire scientific community. Moreover, practitioners and students of vete rinary medicine must be supplied with the necessary means of communica tion to enable them to update their knowledge in respect of advances achiev ed day after day in the field of medical and biological research.
For those of us who are interested in worldwide epidemiology, the pro blems posed by the international transportation of animals and their diseases are fascinating. Rapid means of transport have opened a Pandora's box of interdependent risks. What is needed to transfer exotic reservoirs of infection from one region of the globe to another ? Nothing much, and we must devote all our efforts, our interest and our ingeniousness to stopping exotic diseases being carried from the developing world to the developed world and becoming established there, and vice versa.
With respect to the control and spread of infectious diseases, the world today represents a whole. This fact is confirmed in our Hemisphere if we consider, on the one hand, the recent epizootics of Venezuelan equine ence phalitis which spread in the early 1970's throughout eleven South, Central and North American countries, causing serious damage to the equine popula tions and seriously endangering human health and, on the other hand, the appearance in Cuba (1971 Cuba ( -1980 , in Brazil, in the Dominican Republic and in Haiti (1978) of African swine fever outbreaks which were reported for the first time in the Americas.
The financial and scientific contribution of the developed and industrialized countries to the solution of animal health problems in the deve loping countries is not only the result of humanitarian considerations, but is also provided for the purposes of preventive medicine. The earth -this vast spaceship -becomes smaller every day as its population grows and its tech nical resources increase. The epidemiological surveillance of transmissible animal diseases is an essential guarantee for the advancement of humanity. At a time when various space agencies are preoccupied by the danger of introducing « Andromedous » strains from other celestial bodies, the appea rance of a « Marburg » virus transmitted from Uganda to Europe or the recent Auto Immune Deficiency Syndrome for which a virus is suspected to be the candidate etiological agent, make us realize suddenly that we have not yet been able to control the situation here on earth.
In view of the speed with which transmissible diseases can spread through out the world, it is necessary to set up more rapid and reliable systems of notification and detection at national level and, subsequently, at internatio nal level. We may be assisted in this task by some of the most recent methods of automation of laboratory serological procedures and their inevi table computerization. Action has already been taken in this area in the field of human medicine, with respect to venereal diseases, influenza and certain infections caused by protozoa, and in the field of veterinary medicine in res pect of foot and mouth disease and para-influenza. The possibility of using -140 -these automated procedures to rapidly examine a large number of specimens per hour, at any time and with the help of inexpensive standardized methods, makes them extremely useful tools in the analysis of human and animal sera for various purposes. These tests will enable us to determine the current immune status of a given population in relation to a given disease at a certain time in a certain place, and it will thus be possible to plan vaccination cam paigns more rationally.
We could mention other efforts and results achieved in the field of veteri nary research in this region, but we would now like to examine a major pro blem of our era which is closely related to research : the appropriate techno logy.
The search for appropriate technology has been one of the major preoc cupations of veterinary medicine in Latin America and the Caribbean during the past twenty years.
This research was rather a matter of concern than a systematic effort due to the absence of a specific orientation; accurate and appropriate informa tion was not available when the time came to decide on the technology to be adopted, and the criteria for assessing the technologies to be selected had not been defined. These limitations affected the potential at national level and explain the inadequacy of many scientific research schemes. It is not a ques tion of closing the door on the importation of technologies but rather one of creating the necessary mechanisms to acquire the most appropriate techno logies to modify and adapt those which are necessary and to develop the capability to create those that are not available internationally and which would be appropriate for the solution of important problems.
There is no doubt that this point should be emphasized as veterinarians have many responsibilities in respect of the economic progress of our nations, since what has been stated above represents the most serious risk for the intellectual future and the development of veterinary medicine in Latin Ame rica and the Caribbean.
We have only just begun to explore the vast field of information which is equally valuable for all professions in charge of health problems, and to per ceive the need for active scientific exchanges between these professions. We must establish educational links to enable them to identify the possibilities and repercussions of this type of exchange. Cooperation must be achieved on the basis of understanding and mutual interest.
The professions cannot remain at a distance from social developments which call for urgent solutions. They are merely depositories of obligations and duties. They must all agree that the technical problems handled by them do not belong to them. At no time can they claim title to the problems they handle since these are part of the patrimony of society that these professions have the duty to serve.
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VI. -INTERNATIONAL COOPERATION
The activities of veterinary services in countries of Latin America and the Caribbean to control animal diseases have been encouraging and this has attracted the funding support of international organizations as well as aid from some countries through bilateral agreements. Some of the funding pro vided in 1982 is summarized in Table XIX . Undoubtedly this kind of support will increase as long as the countries continue to improve the development of their veterinary and/or animal health services.
During the 1970's, the idea of technical cooperation as an instrument for meeting these needs of the Latin American countries for allowing the deve lopment of appropriate technology and, at the same time, stimulating the strengthening of their own capabilities in order to ensure favourable and durable results was reaffirmed. The P.A.H.O. directed its technical cooperation activities towards pro gramming on a country by country basis, emphasizing the direct participa tion of national authorities in the identification of requirements and the set ting of priorities, taking into account contributions made in this area by other international and bilateral cooperation agencies.
In the specific fields of veterinary public health and animal health, the P.A.H.O. has provided technical cooperation since the early 1950's. Techni cal cooperation is also provided in the latter area by the United Nations Over the past few years, there has been a marked trend towards a reduc tion in the cooperation activities of the United Nations Development Pro gram (U.N.D.P.) and of other international agencies, which consider that most of these countries represent the new international « middle class », in favour of other areas where the degree of under-development is more acute. Consequently, cooperation between the countries of Latin America and the Caribbean, through the implementation of precepts advocated by the Techni cal Cooperation among Developing Countries (T.C.D.C.) and Financial Cooperation among Developing Countries (F.C.D.C.) will be of great impor tance in the future.
CONCLUSION
It is our purpose that with this study the « decision makers » of the deve loped countries as well as those from the countries of Latin America and the Caribbean Region take all the necessary actions to obtain the means to allow the developing countries of the Americas to improve the productivity of their livestock to the highest possible standards. This will certainly help to reach a
